The activity of hepatic serine dehydratase (SDH) increases in tandem with its gene expression when the intake of protein greatly exceeds protein requirements. The actual conditions of plasma free amino acids and pancreatic hormones in weanling and mature rats when fed SDH-inducible and non-inducible diets were examined in relation to incentive factors to secure high SDH activity from a physiological standpoint. Both weanling and mature groups differing in protein requirements were allowed free access to respective diets diverse in protein content (i.e. 25% or 50% casein diet for the former and 6% or 25% casein diet for the latter) during the dark cycle (lights-out) over a period of 1wk. Despite the differ ence in protein intake among these groups, there were no conspicuous changes in the plasma concentration of the urea or total or essential amino acids. Therefore, it appears that the individual amino acids did not up regulate the gene and function expressions of SDH merely by their superabundance and subsequent disposal. Portal venous insulin concentra tion was far higher in mature groups than in weanling groups, although there was little dif ference between the two groups of the same age in terms of insulin or glucagon concentration and their ratio in abdominal vena cava blood. Accordingly, it follows that the SDH gene undergoes transcriptional regulation through a combined signaling pathway trig gered by perceiving surplus protein nutrition as a whole rather than directly through already-known plasma constituents such as free amino acids or pancreatic hormones in the circulatory system. Key Words serine dehydratase induction, protein over-intake, plasma free amino acids, plasma insulin/glucagon ratio
dilates for SDH-inducible factors (3, 8, 9) . Even so, the quantity of these putative inducers previously adminis tered to experimental animals for corroboration were excessive to discriminate whether they serve as a vir tual regulator of SDH induction or merely play a minor part in signal propagation. In the present paper, groups of weanling and mature rats differing in protein requirements were examined for pre-or post-prandial changes in the actual condi tions of free amino acids, urea, and pancreatic hor mones in the plasma from the portal vein and abdom inal cava after feeding SDH-inducible and non-induc ible diets (10, 11) by means of automated amino acid analysis and enzyme-linked immunosorbent assay (ELISA). The purpose of this study was to seek out a causal relation between such plasma constituents and SDH-inducible signaling from a physiological standpoint.
MATERIALS AND METHODS
Chemicals. Chemicals for the experiments were pur chased or ordered from commercial sources, and were utilized without further purification. would be significant differences among the four dietary groups diverse in age or protein intake, in case of neces sity. The difference between two means was considered significant at p<0.05. Figure 1 shows a comparison between weanling and mature groups concerning SDH gene expression and resultant activity induction arising from 1wk of high protein intake. There were no significant differences among groups diverse in age as well as protein intake with respect to food intake and body weight gain, which were expressed in terms of "per 100g BW" (data not shown). Both W-25 and M-6 groups were chosen as the respective control groups adequate to maintain nitro gen balance or smooth growth. Administration of 50% and 25% casein diets to weanling and mature groups, respectively, brought about parallel SDH gene expres sion to a significant extent. A quite similar tendency was observed for SDH activity as well. Figure 2 illustrates free amino acid concentrations in the plasma of these dietary groups at dusk (before feed ing time) on day 7 of the experiment. Thr, Ser, Glu, Gly, Ala, Lys and branched-chain amino acids (BCAA) dem onstrated high concentrations in all dietary groups. As to the difference between previous dietary records, it follows irrespective of weanling or mature age that the previous high protein intake resulted in a fall of Gin concentration in portal vein blood, while Ala concen tration was high in the mature groups as compared to the weanling groups. Despite the gene expression and activity induction of SDH by high protein intake ( Fig.  1) , there was no consistency in plasma Thr and/or Ser concentration(s) among the dietary groups. As various as the concentrations of other free amino acids were, there was no hint at a meaningful feature of amino acid metabolism in association with SDH induction.
RESULTS
At the appointed time (18:00) on day 7, the pre rats. On the other hand, glucagon ranged in far lower concentrations as compared to insulin in both the por tal vein and abdominal cava blood even though there was a significant difference in concentration between the W-25 and W-50 and M-6 and M-25 groups. The variation in insulin/glucagon ratio closely resembled that of insulin concentration, posing a question about direct participation of these hormones in SDH induction because of transcriptional down-regulation by insulin. These hormone situations were accounted for by the use of rats meal-fed at intervals of half-a-day for 1wk. Taking into account a short-term rise or fall in hor mone secretion, the possibility needs to be reexamined with weanling and mature rats deprived of food for a few days after 1wk of feeding the same diets mentioned above. There were no significant differences in food intake (g/100g BW) 30min or 60min after the start of refeeding between both dietary groups of the same age (data not shown). Figure 7 depicts insulin concentra tion (a), glucagon concentration (b), and their ratio (c) at postprandial 0, 30, and 60min. With regard to mature groups fasted for 3d, the insulin concentration in the portal vein blood fell to one-half (M-6) or one quarter (M-25) relative to the values without a few days' fasting and then reached a maximum at post prandial 30min in either case. Such a marked increase in insulin concentration was characteristic of portal vein blood but not of abdominal cava blood. In the weanling groups fasted for 3d, insulin was still at a marginal level in both the portal vein and abdominal cava irrespective of before or after refeeding of 25 or 50% casein diets. As for glucagon concentration in the portal vein, it tended to be high at first and dropped gradually at postprandial 30min and 60min within a narrow range of 0.1nM to 0.5nM. Therefore, postpran dial changes in the insulin/glucagon ratio were reflected in insulin concentrations, both being exactly alike in shape. Figure 8 presents the consequence of blood sugar measurement at different times. The fasting blood sugar was obtained in the range of 8 to 9mM, which redoubled at postprandial 30 or 60min in the mature rats refed 6% casein (78% starch) and 25% casein (59% starch) diets, but increased less in the weanling rats refed the 25% casein diet and remained level in the weanling rats refed the 50% casein (34% starch) diet. Conversely, the mature rats were virtually at variance with the weanling rats on blood sugar as well as insulin secretion response to high starch intake. The plasma free amino acid distributions in the above fasted rats were roughly in accordance with the corre sponding measurements of the foregoing meal-fed rats in both cases of portal vein and abdominal cava (data not shown). Figure 9 diagrams postprandial changes in free amino acids predominant in the plasma concern ing the rats with a few days' fasting. It turned out that, when comparing Figs. 3 and 9, a considerable rise in plasma Ala concentration took place in a short time after administration of the diets to the weanling rats, but not as much to the mature rats. Pronounced post prandial changes in portal venous or abdominal cava BCAA was characteristic of the W-50 group despite the absence or presence of food deprivation. In regards TAA or EAA in the aggregate, both TAA and EAA in the por tal vein and abdominal cava exhibited postprandial changes quite similar to precedents in Fig . 4 . On the other hand, the fasting blood urea concentrations in these four groups were far higher than those before ingestion in their corresponding meal-fed groups. As shown in Fig. 10 , there was no difference in urea con centration between fasting and meal-feeding mature groups previously given the 25% casein diet, but a strik ing disparity between fasting and meal-feeding wean ling groups given the same diet as mentioned above . Regardless of the group compared with the fasting groups, there was a close resemblance in postprandial variation of urea concentration between both portal vein and abdominal cava. conversely replaced by low starch intake in weanling rats but not in mature rats, so the foregoing plasma parameters must be verified by comparison under SDH inducible dietary conditions with both weanling and mature groups.
To begin with, we explored whether or not SDH induction could be accounted for in connection with hormonal variation under such dietary conditions. Por tal venous insulin concentration was far higher in M-6 and M-25 groups given 78% and 59% starch diets than in W-25 and W-50 groups given 59% and 34% starch diets, respectively, while portal venous glucagon con centration was somewhat higher in the W groups as compared to the M groups, although at marginal levels on the same scale as insulin. Noteworthy is that there was a considerable difference in insulin concentration between the M and W groups with the same 25% casein (59% starch) diet. High insulin concentration is inferred to progress with aging. In this connection, it has been observed by Blommaart et al. (13) that insulinemia occurs in mature rats. We have had a vague preconception that high protein intake leads to increased secretion of glucagon. There were no post prandial fluctuations in glucagon concentration, so it was difficult to justify the possibility of glucagon serving as a primary trigger for SDH induction.
Petersen et al. (14) have described that there is little difference in blood glucagon concentration among rats fed 8%, 17%, and 50% casein diets. Similarly Noguchi et al. (15) and Usami et al. (16) have reported the dull ness of glucagon secretion in response to high protein intake. There are several studies showing that glucagon is involved in SDH induction (3, 8, 9) , but the amount of glucagon administered was over a hundred-fold greater than the physiological range. There remains some doubt as to whether or not glucagon directly trig gers the induction of SDH. Haas and Pitot (17) have recently demonstrated that a CAMP response element (CRE) exists in the 3.5kbp upstream of the SDH gene and that cAMP as well as dexamethasone is synergisti cally involved in its transcriptional regulation. Alterna tively, the amount of CRE binding protein in the hepatocytes was unchanged by glucagon treatment. In any case, further investigation is required to determine glucagon participation. As for nsulin, it serves as a repressor of phosphoenolpyruvate carboxykinase (PEPCK) or insulin-like growth factor I binding protein (IGFBP-I) gene expression via its linkage with the insu lin-responsive sequence (IRS) in their 5'-upstream regions (18) (19) (20) (21) . The gene expression of SDH is likewise repressed in an insulinotrophic state; nevertheless, the characterization of IRS in the SDH gene has not been achieved at present. It is rather unreasonable to con clude that a slight increase in blood glucagon, if any, may play a crucial role in SDH gene transcription under circumstances of relatively high insulin at all times. As to transcriptional regulation, Ogawa et al. (5) have made some interesting observations from a protein nutritive point of view. They reported that there were four DNase I-hypersensitive sites in the promoter region of the SDH gene, among which the intermediate two became especially sensitive because of chromatin-struc tural changes in the case of high protein intake. They did not refer to any hormonal regulation of SDH induc tion. Their observations aroused our interest as an example suggestive of a close interaction between nutri tion and transcription without intervention of ordinary hormones.
Next, we turned to the postprandial movement of free amino acids in rat blood with or without a few days' food deprivation. Most surplus amino acids arising from protein over-intake ought to be catabolized in the liver, in which amino-nitrogen is converted to urea and urea is discharged into the blood. Portal venous or abdomi nal cava urea concentrations were several-fold higher in W-50 rats than in W-25 rats just before eating at stated intervals, but increased at a similar slope between both W groups after eating (Fig. 5) . There was also a few-fold disparity in blood urea concentrations between the M-6 and M-25 groups before eating, and a slight postprandial increment found in the M-25 group but not at all in the M-6 group. A considerable differ ence in blood urea concentration was observed between both weanling and mature groups after a few days' food deprivation, but not between the W-25 and W-50 nor M-6 and M-25 groups for a short term after the start of refeeding (Fig. 10) . Taken altogether, the discrepancy in blood urea concentration between weanling and mature groups is probably indicative of amino acid catabolism, but gave no clue as to a plausible explana tion for the mechanism of SDH induction in common with groups of different ages. Blood TAA and EAA con centrations in meal-fed groups were roughly similar to one another among the four groups, while appreciable augmentation was only observed for the two W groups (Fig. 4) . The induction of SDH emerged as much in the M-25 group as in the W-50 group despite its marginal induction in the M-6 and W25 groups as well (Fig. 1) . It thus appears that neither TAA nor EAA Were greatly responsible for SDH induction merely by virtue of their concentrations in the blood. There have been a few reports concerning the effects of individual amino acids on SDH induction. Mauron et al. (22) described that four kinds of EAA such as Met, Trp, Thr, and Val were most important in SDH induc tion. Above all, Thr, which shares the deamination pathway by SDH with Ser, ranged within limits owing to its role as a neurotransmitter in the brain (23) . For this reason, high protein intake for a long term lowered the blood Thr concentration with the aid of elevated SDH activity (1, 2, 4, 24) . Under SDH-inducible dietary conditions, however, no conspicuous change in Thr or Ser concentration was observed not only for portal vein blood, but also for abdominal cava blood (Figs. 2 and 3) .
Boehm et al. (23) have also produced evidence against the possibility of Thr for SDH induction even though the administration of Thr in excess might temporarily lead to a postprandial increase in the circulatory system. In the preceding paper (11), we made a comparison of the effects of a few food proteins on SDH induction with weanling rats and found that wheat gluten was not as effective as milk casein or codfish meat in dietary pro tein content common among the three. It may safely be said that SDH induction is governed by the shortage of limiting amino acid 'Lys', or rather by the lowering of the nutritive value in toto on the basis of ordinary intes tinal TAA absorption and active urinary urea excretion. Needless to say, there is no evidence to support that EAA independently accelerates SDH induction. With respect to plasma free amino acids in meal-fed rats, the majority did not vary much with postprandial time or dietary condition, contrary to our expectations. Excep tions were BCAA and Ala. Concentrations of BCAA in weanling rats became particularly high in the portal vein blood after eating (Figs. 3 and 9) . BCAA is well known as a source of energy not in liver, but muscle (25) . Because BCAA constitutes 22.4% of casein in weight, its postprandial elevation arises from intestinal digestion and the absorption of casein. The concentra tions of Ala were also high in weanling rats at postpran dial times after fasting (Fig. 9) . The reason for a con siderable elevation of plasma Ala concentrations after eating following fasting in weanling rats may possibly be attributable to conversion by transamination from pyruvate in the small intestine. There is no evidence for the involvement of these amino acids in SDH induction.
If the blood concentrations of free amino acids and pancreatic hormones are distantly connected with the regulation of SDH gene expression, what would trigger it? From fragmentary information so far obtained, the superabundance of whole nutrition rather than individ ual amino acids is considered important in this respect; actually the degree of surplus nutrition differs with age. The proper 25% casein diet for weanling rats was in excess of the protein for mature rats. It does not seem feasible that the mechanism of SDH induction is com mon to weanling and mature rats differing in protein requirements.
Our working hypothesis is as follows; there is an as yet undetermined organ function that monitors the quality of nutrition within the body, from which signals are discharged so as to up-regulate the SDH gene at a transcriptional level, Naturally, further investigation is needed to ascertain whether or not this hypothesis is at variance with reality.
